When Brassica nigra leaf petiole suspension cells were subjected to 7 days of inorganic phosphate (Pi) starvation the extractable activity of: (a) pyrophosphate:fructose 6-phosphate 1-phosphotransferase, nonphosphorylating NADP-glyceraldehyde 3-phosphate dehydrogenase, phosphoenolpyruvate phosphatase, and phosphoenolpyruvate carboxylase increased at least fivefold, (b) phosphorylating NAD-glyceraldehyde 3-phosphate dehydrogenase decreased about sixfold, and (c) ATP:fructose 6-phosphate 1-phosphotransferase, 3-phosphoglycerate kinase, pyruvate kinase, or NAD malic enzyme was not altered. Pi deprivation also resulted in significant reductions in extractable levels of Pi, ATP, ADP, fructose 2,6-bisphosphate, and soluble protein, but caused a sixfold elevation in free amino acid concentrations. No change in inorganic pyrophosphate concentration was observed following Pi starvation. It is hypothesized that pyrophosphate:fructose 6-phosphate 1-phosphotransferase, nonphosphorylating NADP-glyceraldehyde 3-phosphate dehydrogenase, and phosphoenolpyruvate phosphatase bypass nucleotide phosphate or Pi-dependent glycolytic reactions during sustained periods of Pi depletion.
Pi not only plays a vital role in energy transfer and in metabolic regulation, but is also an important constituent of macromolecules such as phospholipids and nucleic acids. The growth and development of plants is particularly dependent upon the availability of Pi, and the effects of environmental Pi deficiency on the rates ofphotosynthesis and photosynthate partitioning in leaf tissue have been well documented (9, 10, 16) . However, little is known about the metabolic adaptations of plant respiratory pathways to Pi deficiency.
We have recently purified and characterized a PEP2 phosphatase from heterotrophic Brassica nigra (Black Mustard) ' Supported by the Cells were ground to a powder under liquid N2 prior to metabolite extractions and assays, which were conducted as follows: fru-2,6-P2, extracted at 80°C in 50 mm NaOH containing 1% (w/v) insoluble PVP and assayed as described by Ball and ap Rees (1); Pi, extracted according to Ukaji and Ashihara (14) and assayed according to Duff et al. (3) ; PPi, extracted as described previously (14) and assayed as described by Edwards et al. (4) ; ATP and ADP, extracted as described previously (14) and assayed according to Bergmeyer et al. (2); free amino acids, as described previously (14) . In control experiments, added fru-2,6-P2, Pi, and PPi were recovered quantitatively from the plant material. Recovery of added ADP and ATP was 85%. Metabolite determinations were performed using a ZFP22 spectrophotometer (Sigma Instruments, FRG).
RESULTS AND DISCUSSION Pi starvation of Brassica nigra suspension cells caused the levels of ADP, ATP, and Pi to decrease markedly (Table I) . In contrast, concentrations of free amino acids increased about sixfold (Table I) . These results are consistent with those ofUkaji and Ashihara (14, 15) tempt to convert the metabolite levels reported in Table I (Fig. 1) . Interestingly, the extractable activities of PFP, nonphosphorylating NADP-G3PDH, and PEP phosphatase were more than 10-fold higher in Pi-starved versus Pi-fed cells (Fig. 1) . Additionally, PEP carboxylase activity was increased by about 5-fold in response to Pi starvation (Fig. 1) . Extractable activities of PFP, NADP-G3PDH, PEP phosphatase, and PEP carboxylase consistently began to increase in cells cultured in 1.25 mM, but not 5 mm Pi. These data suggest that a coordinated mechanism of enzyme induction may exist which is responsive to intracellular Pi concentrations. In contrast, Pi starvation had no effect on the activities of any ofthe adenine nucleotide dependent enzymes (i.e. PFK, 3-PGA kinase, and PK) or NAD malic enzyme, whereas soluble protein concentration and the activity of the Pi dependent NADP-G3PDH decreased by about 1.5-and 6-fold, respectively (Fig. 1) . Phosphorylating (reversible) NADP-G3PDH (a plastidic Calvin cycle enzyme) was never detected when assayed in either the forward or reverse directions. The above data are in accord with the thesis of Sung et al. (13) that plants regulate some enzymes in the glycolytic network developmentally (i.e. adaptive enzymes like PFP and PEP phosphatase) but not others (i.e. maintenance enzymes like PFK and PK). (3, 6, 12) is consistent with our speculation that these enzymes are active during Pi deprivation.
The level of the PEP activator, fru-2,6-P2, was reduced about twofold when B. nigra suspension cells were subjected to Pi starvation (Table I) . However, the model depicted in Figure 2 requires that fru-2,6-P2 be present in sufficient concentrations during Pi respectively. Both values are in the concentration range reported to give optimal activity of PFP in vitro (6, 12 
